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Summary

The aim of this study was to evaluate the vegetation recovery effects of deer-proof fences,
which were established in 4 types of forest floor community (short herb, tall herb, Sasamorpha
borealis, and Sasa hayatae types) that had been damaged by sika deer browsing in cool temperate
deciduous forests of the Tanzawa Mountains, central Japan.

Firstly, changes in understory vegetation inside and ouiside deer-proof fences were investigated
over 10 years after the exclusion of sika deer browsing pressure in 4 types of forest floor
community, and it was examined whether the understory vegeiation damaged by sika deer reveried
to a state showing negligible influences of sika deer inside of the deer-proof fences. As a resuli,
each forest floor type showed increases in vegetation cover and species number in the shrub layer
inside the deer-proof fences 10 years afier their instaliment. Although changes in the species
composition of the herb layer differed among the forest floor types, the areas inside the fences
as a whole showed an increase in tall perennial herbs and decreases in short perennial and non-
palaiable herbs. In addition, species endangered in Kanagawa Prefecture due to sika deer browsing
appeared in the tall herb type. Based on these results, it was concluded that understory vegetation
damaged by sika deer in cool temperate deciduous foresis of the Tanzawa Mountains changed to
a state showing negligible influences of sika deer within 10 years afier the exclusion of this
browsing pressure.

Secondly, the growing situations of an endangered, perennial herb in the Tanzawa Mountains,
Sasamorpha borealis, and seedlings and saplings of tall trees were investigated after the construc-
tion of deer-proof fences, in order to evaluate species recovery. Twelve species of locally extinct
or endangered planis and 1 newly recorded species in Kanagawa Prefecture were found after the
kinds and numbers of species were investigated in 25 deer-proof fenced areas established across
the same 4 types of forest floor community. Compared with the past florain the surveyed area,
5 species considered to have disappeared and 6 species undiscovered in the past were found. These
results suggested that deer-proof fences are effective in the restoration of endangered perennial
herbs. However, as the construction of fences was overdue, there were some species that were not
recovered. Therefore, the construction of fences is needed at an early siage to recover endangered

species.
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it was observed that the bamboo Sasamorpha borealis grew taller and wider in an area with
a fence constructed of dwarf bamboo on ihe forest floor that had been damaged previously for
about 10 years by sika deer browsing. On the other hand, Sasamorpha borealis grew taller but
not wider in a similarly fenced area that had been damaged by browsing for about 15 years. This
difference was considered io refleci the condition of individual dwarf bamboo plants in the fenced
areas, and recovery of the remaining plants was slower in areas that had received deer browsing
pressure for 5 additional years before construction of the fences.

Regeneration of tree species was investigated inside and ouiside a deer-proof fence that had
been constructed 7 years earlier in a cool iemperaie deciduous forest, where dwarf bamboo had
been browsed and damaged by sika deer for aboui 10 years. The density of regenerated trees was
higher inside the fence than ouiside, and the difference was more than 6-fold. The heights of almost
all tree species inside the fence ranged between 40 to 60cm, but many trees outside the fence had
heights of only about 10cm. Based onthese findings, it was concluded that the deer-proof fence
facilitated the establishment and growth of iree species as well as the recovery of dwarf bamboo.
Furthermore, the regeneration of tree species was investigated inside a deer-proof fence con-
structed 5 years later. The height of saplings was as same as, or taller than, those of first fenced
area. This result indicated that the regeneration of trees was not related to the period since the
construction of deer-proof fences.

Thirdly, the response of species browsed by sika deer was investigated from the ecological
characteristics of ease of blooming and growth form after sika deer browsing. Species that
bloomed readily afier being browsed by sika deer were annual herbs, small and medium sized
herbs with branched, prositate, and tussock growths forms. On the other hand, the species that did
not bloom readily included perennial herbs, which showed erect growth forms.

Furthermore, the composition of soil seed banks were investigated within and adjacent to a deer-
proof fence constructed 6 years ago and outside a fence around a tall herb forest floor, in order o
verify the hypothesis that seed banks and subterranean organs of perennial planis with no tolerance
to sika deer browsing readily disappeared. Twenty samples (20cmX 20cmX 5cm in depth) were
collected from each site. Emergent seedlings in the soil samples were counted and placed in an
open space, and the composition of soil seed banks and subterranean organs was estimated. The
number of perennial species in the seed banks and with subterranean organs of with no tolerance
to sika browsing was highest at the site with the oldest fence. This result supported the hypothesis.

In addition, the minimum size of a viable area surrounded by a deer-proof fence was estimated
using Arrhenius expressions (species-area curve) for 4 forest floor community types from the
standpoint of species diversity in the surveyed area. The minimum size of a fenced area was
calculated as 30 m X 30 m t040m X 40 m . This result indicated that the size of present fenced
areas was appropriate. The continued establishment of more fenced areas is needed to avoid the
risk of the destruction of fences and to prevent species habitats becoming isolated.

Therefore, on the basis of the above results, it was demonstrated that deer-proof fences were
effective for the conservation and regeneration of natural forests that have been damaged by sika
deer browsing. Inorder to further improve vegetation recovery in the Tanzawa Mountains, sika

deer population management must aiso be performed.
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